Previous Measurements of Radioactive Emissions from Fires

Several scientific publications [Ref. 1-4] show that the largest radioactive emissions
from fires are the naturally-occurring decay products of radon: Pb-210, Bi-210 and Po-
210.

Typical atmospheric concentrations of Po-210 and Pb-210 are about 1 fCi/m® and 10
fCi/m®, respectively [Ref. 5]. Pb-210 is produced by the decay of radon gas; Bi-210 and
P0-210 are produced by the decay of Pb-210. Radon decay products in the atmosphere
are newly produced and so contain more Pb-210 than Po-210. After the Pb-210 settles on
the ground and on plant surfaces, the Po-210 activity grows until its activity is equal to
that of the Pb-210. The residence time of natural radionuclides in forests has been
measured [Ref. 6] and modeled [Ref. 7]. Pb-210 remains on trees for more than a year,
which allows time to reach equilibrium.

During a fire, the accumulated decay products become volatile so the atmospheric
concentrations increase, typically to about 30 fCi/m® and in some cases to more than 300
fCi/m® [Ref. 1,2]. Because they are in equilibrium, the emissions of Po-210 and Pb-210
are about equal.

Plants generally contain about 1 pCi of Po-210 per gram of dry plant matter [Ref. 1].
During a forest fire, about 30 Mg of fuel is consumed per hectare of forest [Ref. 8],
releasing about 30 micro-Ci of Po-210 in about a million cubic meters of air. Depending
on the intensity of the fire, these numbers can vary by about a factor of ten in either
direction. Smaller amounts are emitted from smoldering fires, <300 degrees C, whereas
more is emitted from flaming fires, >600 degrees C [Ref. 2].

Close to African fires, Po-210 concentrations of more than 1 pCi/m® have been observed
[Ref. 2]. Several thousand miles away, a concentration of 10 fCi/m* was observed in the
plumes of African fires during an atmospheric-sampling flight over the Pacific Ocean
[Ref. 4].

Plants also contain about 2 pCi/g of two other naturally occurring radionuclides:
potassium-40 (K-40) and carbon-14 (C-14). However, C-14 is almost all emitted in the
form of CO2, which does not accumulate on filters, and most of the K-40 remains in the
ash [Ref. 8]. Furthermore, the low-energy beta from C-14 is difficult to detect and K-40
is masked by background radiation. In contrast, the unique alphas from Po-210 can be
measured even in small concentrations.

Several other radioactive materials have been observed in forests and plants at lower
concentrations (~ 0.1 pCi/g) namely: Be-7 [Ref. 6], Sr-90 [Ref.9], Cs-137 [Ref.9], and
uranium [Ref. 9,10]. In studies of emissions from peat and coal [Ref. 11-13], Be, U, Sr,
Cs, and K are reported to be less volatile than Po and Pb. In volcanic emissions, Po is the
most volatile followed by Bi, Pb, and K [Ref. 14]. Thus, Po, Bi, and Pb are favored.



In summary, in the emissions from a forest fire we expect the Los Alamos AIRNET
system to detect significant amounts of Po-210, Bi-210, Pb-210, and smaller amounts of
Be-7. C-14, K-40, Sr-90, Cs-137 will probably not be detected. Natural uranium will
probably not increase above the usual concentrations.

References

1. G. Lambert et al., "Long-lived radon daughters signature of savanna fires", pages 181-
4 of the conference proceedings "Global Biomass Burning"”, ed. Joel S. Levine, MIT
Press (1991).

2. M.F. leCloarec et al., "210Po in Savanna Burning Plumes™, J. of Atmospheric Chem.,
vol. 22, pp 111-122 (1995).

3. E.-Y. Nho et al., "Origins of 210Po in the atmosphere at Lamto, Ivory Coast",
Atmospheric Environment, vol. 30, pp 3705-3714 (1996).

4. Jack E. Dibb et al., "Constraints on the age and dilution of Pacific Exploratory Mission
tropics biomass burning plumes from the natural radionuclide tracer 210Po", J. of
Geophysical Research vol 104 No. D13, pp 16233-16241 (1999).

5. NCRP Report No. 94, "Exposure of the Population in the United States and Canada
from Natural Background Radiation”, pp 100-102 (1987).

6. S. Sugihara et al., "Distribution and mean residence time of natural radionuclides in the
forest ecosystem™ J. of Radioanalytical and Nuclear Chemistry vol 239, pp 549-554
(1999).

7. W.R. Schell et al., "A dynamic model for evaluating radionuclide distribution in
forests from nuclear accidents”, Health Physics vol. 70 (1996) p 318.

8. EPA publication AP-42, "Compilation of Emission Factors",
http://www.epa.gov/ttnchiel/ap42.html|

9. P.R. Fresquez et al., Los Alamos reports: LA-12954-MS, LA-13028-MS, LA-13050-
MS, LA-13104-MS, LA-13124-PR, LA-13149-MS, LA-13273, LA-13304-MS, LA-
13332-PR, LA-13470-PR, LA-13495-PR, LA-13647-PR, LA-13669-MS, LA-13693-MS,
LA-13704-PR.

10. NCRP Report No. 50, "Environmental Radiation Measurements" (1976).

11. Matti J. Jantunen et al., "Behavior of Chernobyl fallout radionuclides in peat
combustion”, Health Physics, vol. 62, pp 245-249 (1992).

12. David G. Coles et al., "Chemical studies of stack fly ash from a coal-fired power
plant”, Environmental Science and Technology, vol. 13, pp455-9 (1979).


http://www.epa.gov/ttnchie1/ap42.html

13. E. Hasanen et al., "Emissions from power plants fueled by peat, coal, natural gas, and
oil", Science of the Total Environment, vol. 54 pp 29-51 (1986).

14. M. Pennisi et al., "Fractionation of metals in volcanic emissions”, Earth and Planetry
Science Letters, vol. 88 pp284-8 (1988).



